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This paper considers the application of a novel optimization method, namely Par- 
ticle Swarm Optimization, to compute Nash equilibria. The problem of computing 
equilibria is formed as one of detecting the global minimizers of a real-valued, non- 
negative, function. To detect more than one global minimizers of the function at  
a single run of the algorithm and address effectively the problem of local minima, 
the recently proposed Deflection technique is employed. The performance of the 
proposed algorithm is compared to that of algorithms implemented in the popular 
game theory software suite, GAMBIT. Conclusions are derived. 

1. Introduction 

A central solution concept in game theory is that of Nash eq~ilibrium.~ Sev- 
eral approaches have been proposed for the computation of Nash equilibria 
in finite strategic games but computing such solutions remains a challeng- 
ing task. Furthermore, as pointed out in Ref. 3, computing a single Nash 
equilibrium is inadequate for many applications. The problem of detecting 
a Nash equilibrium can be formulated as a global minimization problem. 
This approach enables us to consider an efficient and effective optimiza- 
tion method, named Particle Swarm Optimization (PSO), to  address this 
problem. Incorporating the recently proposed Deflection technique for al- 
leviating local minima and finding more than one global minimizers of a 
function, several Nash equilibria can be located in a single run of the algo- 
rithm. The performance of the proposed algorithm is compared to  that of 
algorithms implemented in the popular game theory software suite GAM- 
BIT." 

aThe GAMBIT suite is freely available from: http: / /ww.hss .  caltech. edu/gambit/. 
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The paper is organized as follows: Section 2 is devoted to the formu- 
lation of the problem. In Sections 3 and 4 the PSO and the Deflection 
techniques are briefly exposed. Experimental results are reported in Sec- 
tion 5 and conclusions are drawn in Section 6. 

2. Problem Formulation 

2.1. Strategic Games and Nash Equilibria 

Definition 2.1. A strategic game consists of a finite set N = (1,. . . , n} 
of players; for each player i E N a strategy set Si = (sill.. . , sirni} 
is given, consisting of mi pure strategies. For each i E N, a payoff 
function ui : S --+ R is also given, where S = X ~ G N S ~  is the Cartesian 
product of all Si's. 

Let Pi be the set of real valued functions on Si.  The notation p i j  = 
p i ( s i j ) ,  is used for the elements pi  E Pi. Let also P = x ~ ~ N P ~  and m = 

C i E N m i .  Then P is isomorphic to Rm. We denote elements in P by 
P = ( P I , P ~ , . . . , P ~ ) ,  where pi  = ( ~ i 1 1 ~ i 2 1 * * . 1 ~ i m j )  E Pi. If P E P ,  and 
pi  E Pi, we use the notation @ : , p i )  for the element q E P that satisfies 
qi = pi  and qi = p j  for j # i. 

Now let Ai be the set of probability measures on Si.  We define A = 
x ~ ~ N A ~ ,  so A C R". Thus, the elements pi  E Ai are real valued functions 
on Si,  pi  : Si 4 R and it holds that C s i j E S j p i ( s i j )  = 1, and p i ( s i j )  3 

We use the abusive notation sij to denote the strategy pi  E Ai with 
p i j  = 1. Hence, the notation ( s i j , p - i )  represents the strategy where player 
i adopts the pure strategy sij ,  and all the other players adopt their com- 
ponents of p .  

The payoff function u is extended to have domain Rm by the rule 

0 , V S i j  E si. 

Definition 2.2. A strategy p* = (pi,&, . . . ,&) E P is a Nash equilib- 
rium if p* E A and for all i E N and all pi E Ail ui (p i ,p*_ , )  6 u i ( p * ) .  

2.2. Nash Equilibrium as a Global Minimizer 

To formulate the problem of finding a Nash equilibrium to that of detecting 
the global minimum of a real valued function, three functions, z, z and 
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g : P -+ Rm, are required. For any p E P,  i E N and sij E Si, define: 

Z i j ( P )  = % ( % j , P - z ) ,  (3) 

The real valued function v : P -+ R, is defined as: 

iEN l( j(mi 

Function v is nonnegative and continuously differentiable. Furthermore, 
p* is a Nash equilibrium if and only if, it is a global minimizer of v, i.e. 
v(p*) = 0, and p* E A. 

3. Particle Swarm Optimization 

PSO belongs to the broad class of stochastic optimization algorithms. PSO 
is a population-based algorithm that exploits a population of individu- 
als, to probe promising regions of the search space. In this context, the 
population is called swarm and the individuals are called particles. Each 
particle is assigned to a neighborhood and moves with an adaptable veloc- 
ity within the search space, retaining in its memory the best position it 
ever encountered. Moreover, the best position ever attained by all individ- 
uals of a neighborhood is communicated to the particles that comprise the 
neighb~rhood.~ 

Assume a D-dimensional search space, S c RD, and a swarm consisting 
of N particles. The i-th particle is in effect a D-dimensional vector X i  = 
( ~ 1 ,  ~ 2 , .  . . , z ~ D ) ~ .  The velocity of this particle is also a D-dimensional 
vector, K = (vil, ui2, . . . , v ~ D ) ~ .  The best previous position encountered 
by the i-th particle is a point in S ,  denoted as Pi = (pil,pia,. . .   pi^)^. 
Assume g to be the index of the particle that attained the best previous 
position among all the individuals of the swarm, and t to be the iteration 
counter. Then, according to the latest version of PSO, which incorporates 
a parameter called constriction factor, the swarm is manipulated using the 
following equations: 

K( t  + 1) = x ( W  + clrl (P&) - xi (t)) + czrz(P,(t) - Xdt))) , (7) 

Xi(t + 1) = XZ(t) + K(t  + l), (8) 
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where i = 1,2,. . . , N ;  x is the constriction factor; c1 and cz are positive 
parameters called cognitive and social parameter respectively; 1-1 , 1-2 are 
random numbers uniformly distributed in the interval [0,1]; and t ,  stands 
for the counter of iterations. The formulae used for the computation of the 
constriction factor's value are reported in Ref. 1. 

4. Detecting Several Minimizers Through Deflection 

To detect several global minimizers in a single run, the Deflection technique 
is applied. Let f : S -+ R, S c Rn, be the original objective function under 
consideration. Let also xz, i = 1 , .  . . , m, be m minimizers of f .  Then, the 
Deflection technique is defined as: 

F ( z )  = TI(%; El, * ' * T,(x; xm, X,)-lf(x), (9) 

where Xi ,  i = 1, . . . , m, are relaxation parameters. The functions, 

Ti(x;xi,Xi) = tanh(Xi1lx - x T I I ) ,  i = 1,. . . ,m, (10) 

satisfy the property, that any sequence of points { x k } E o  converging to any 
one of the minimizers xCf, does not produce a minimum of F at x = x;, 
while all other minima of f remain unaffected, as shown in Ref. 2. Note 
that if the global minimum of the function is zero, a function f̂  = f + c,  
where c > 0 is a constant, should replace f in Eq. (9). 

5. Experimental Results 

The proposed algorithm has been applied on noncooperative strategic 
games characterized by more than one Nash equilibrium. A comparison 
of the algorithm's performance against the Lyapunov function algorithm 
implemented in GAMBIT produced promising results. The particular al- 
gorithm was selected since it is the suggested algorithm for detecting all 
the equilibria of an n-person game.4 Indicative test problems are defined 
below: 

Test problem 1 [BACH OR STRAVINSKY']: Two-player game, with two 
pure strategies available to each player and 3 equilibria. The payoff matrix 
for this game is illustrated in Table 1. 

Test problem 2 [HAWK-DOVE']: Two-player game, with two pure strate- 
gies available to each player and 3 equilibria. The payoff matrix for this 
game is also illustrated in Table 1. 
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Test problem 3 [STAG HUNT GAME4]: Two-player game, with three 
pure strategies available to each player and 6 equilibria. The payoff matrix 
is illustrated in Table 2. 

Test problem 4: Random strategic game with two players and three pure 
strategies available to each player, with payoffs randomly distributed in the 
interval [0,1] and 3 equilibria. The payoff matrix is illustrated in Table 3. 

Test problem 5:  Normal form three player game with two pure strategies 
available to each player and 9 eq~i l ibr ia .~  The payoffs of this game are given 
in Table 4. 

Table 1. Payoff matrices for Test Problems 1 (left) and 2 (right). 

Bach Stravinsky 

Stravinsky Hawk 

Table 2. Payoff matrix for Test Problem 3. 

I 5-21 522 523 
5 1 1  I 0.5.0.5 0.5.0 0.5. -0.5 

I s i?  I -0.5.0.5 0.5.1 1.5.1.5 I 

Table 3. Payoff matrix for Test Problem 4. 

0.0470,0.5297 0.9347,0.3834 0.8310,0.6868 
0.6789,0.6711 0.3835,0.0668 0.0346,0.5890 

Table 4. Payoff matrix for Test Problem 5. 

511 9,8,12 O,O,O 511 O,O,O 3,4,6 
512 O,O,O 9,8,2 512 3,4,4 0,030 

The configuration of the PSO parameters has been fixed for all test 
problems, with the exception of swarm size, which was problem dependent. 
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Test Nash PSO 
Problem Equilibria SR FE 

1 3 100% 530 
2 3 100% 884 
3 6 80% 4050 
4 3 100% 7500 
5 9 82% 6700 

Lyapunov Function 
SR FE 

50% 2148 
30% 1188 
0% 14835 

10% 177536 
0% 75583 

Thus, for the constriction factor x and the cognitive and social parameter, 
c1 and c2, respectively, the default values x = 0.729, c1 = c2 = 2.05 have 
been used.' For the Deflection technique, the setup y1 = q, y2 = $, 
p = lo-", and X = 1, respectively, was selected. The desired accuracy 
for detecting a Nash equilibrium has been equal to in all cases. The 
obtained results are exhibited in Table 5. In particular, the success rate 
(SR) of the PSO and the Lyapunov function method on locating all Nash 
equilibria averaged over 10 runs, as well as the mean function evaluations 
required for the computation of one equilibrium (FE), are reported. 

6. Conclusions 

In this contribution the problem of detecting the Nash equilibria of finite 
strategic games was addressed through the Particle Swarm Optimization 
method, equipped with the Deflection technique. Deflection enables the 
algorithm to overcome local minima and detect more than one global min- 
imizers a t  a single run. Numerical experiments performed on a number of 
finite strategic games suggest that the particular approach addresses the 
problem effectively. 

References 
1. 
2. 

3. 

4. 

5. 
6. 
7. 

M. Clerc, J. Kennedy, IEEE Trans. Evol. Comput., 6(1):58-73, 2001. 
G.D. Magoulas, M.N. Vrahatis, G.S. Androulakis, Nonlinear Analysis, Theory, 
Methods €9 Applications, 30( 7):4545-4550, 1997. 
R.D. McKelvey, A. McLennan, In H.M. Amman, D.A. Kendrick, and J. Rust 
(Eds.), Handbook of Computational Economics, pp. 87-142. North-Holland, 
1996. 
R.D. McKelvey, A. McLennan, T. Turocy, Manual of the Gambit Command 
Language, Ver. 0.96.3, California Institute of Technology, 2000. 
J.F. Nash, Annals of Mathematics, 54:289-295, 1951. 
M.J. Osborne, A. Rubinstein, A Course in Game Theory, 1994, MIT Press. 
K.E. Parsopoulos, M.N. Vrahatis, Natural Computing, l(2-3):235-306, 2002. 

Table 5. Experimental


	TABLE OF CONTENTS
	PREFACE FOR THE PROCEEDINGS OF THE INTERNATIONAL CONFERENCE OF COMPUTATIONAL METHODS IN SCIENCES GREECE AND ENGINEERING (ICCMSE 2003), SEPTEMBER 12-16, KASTORIA,
	1. P. Abad, Components for Time Serie Receiver Clock Offset in GPS Solutions
	1. Motivation and Introduction
	2. Two-Corrections models to solve the equations systems
	3. Conclusions
	References

	2. E. Afjei, M. H. Arbab, Magnetostatic Field Analysis by Employing Absorbing Boundary Condition
	Problem Description & Development
	The governing equations are
	Numerical Analysis

	3. Z. Akdogan, M. Demirci and O. Sh. Mukhtarov, Sturm-Liouville Problems with Eigendependent Boundary and Transmissions Conditions
	References

	4. T. M. Alkhamis, Computational Method for Unconstrained Optimization Functions with Noise
	1. Guidelines
	Main Step

	References

	5. M. Al-Refai, Convergence Analysis for an Iterative Method for Solving Nonlinear Parabolic Systems
	6. G. M. Amiraliyev, Unform Numerical Method for a Quasilinear System with Boundary Layer
	1. Introduction
	2. Analytical Results
	3. Discretization and Non-uniform Mesh
	4. Uniform Convergence
	5. Numerical Results
	References

	7. Z. A. Anastassi and T. E. Simos, A Family of Optimized Runge-Kutta Methods with Five Stages and Fourth Order for IVPS with Oscillating Solutions
	8. R Anguelov, P. Kama and JM-S Lubuma, Nonstandard Theta-Method and Related Discrete Schemes for the Reaction-Dirusion Equation
	References

	9. O. Angulo, J. C. Lopez-Marcos, Numerical Integration of a Size-Structured Cell Population Model in an Environment of Changing Substrate Concentration
	Acknowledgements
	References

	10. I. Arregui, J. J. Cendan and C. Vazquez, A Duality Method for the Compressible Reynolds Equation. Application to Simulation of Readwrite Process in Magnetic Storage Devices
	11. F. Balibrea, J. L. C. Guirao and F. L. Pelayo, An Environment for Computing Topological Entropy for Skew-Product Transformations
	The scenario:
	An interesting application:
	References

	12. P. G. Bagos, Th. D. Liakopoulos and S. J. Hamodrakas, Maximum Likelihood and Conditional Maximum Likelihood Learning Algorithms for Hidden Markov Models with Labeled Data-Application to Transmembrane Protein Topology Prediction
	1. Introduction
	1.1. Hidden Markov Models
	1.2 Maximum Likelihood training

	2. Labeled sequences and learning algorithms
	2.1. Labeled Sequences
	2.2. Discriminative training
	2.3 Maximum Likelihood (ML) gradient descent method for labeled sequences

	3. Transmembrane protein topology prediction
	3.1. Data sets and topology of the model
	3.2. Results and Discussion

	References

	13. M. K. Banda, Variants of Relaxed Schemes and two-Dimensional Gas Dynamaics
	1. Introduction
	1.1. Space Discretization

	2. Extensions to Relaxed Schemes
	2.1. More Accurate Speeds of Propagation
	2.2. Multidimensional Schemes

	3. Numerical Tests
	4. Summary
	References

	14. S. C. Basak, B. D. Cute and D. Mills, Predicting Toxicity of Chemicals Using Chemodescriptors and Biodescriptors: an Integrated Approach
	15. S. R. Basu, Measuring Economic Well-Being and Governance: Some Methodological Tools
	16. F. A. Batzias, N. P. Nikolaou, A. S. Kakos and 1. Mihailides, Modelling the Natural Gas Consumption in a Changing Environment
	1. Introduction
	2. Methodology
	3. Implementation and Results
	4. Supplementary Information by Statistical Analysis
	5. Conclusions and Recommendations
	Acknowledgments
	References

	17. F. A. Batzias, A. S. Kakos and N. P. Nikolaou, Computer Aided Dimensional Analysis for Knowledge Management in Chemical Engineering Processes
	1. Introduction
	2. Methodology
	3. Implementation
	4. Discussion
	5. Conclusions
	6. Acknowledgments
	References
	Appendix

	18. L. Bayon, J. M. Grau, M. M. Ruiz and P. Suarez,New Developments on Equivalent Thermal in Hydrothermal Optimization. An Algorithm of Approximation
	1. Introduction
	2. New Theoretical Developments
	3. An Algorithm of Approximation
	References

	19. Di. Belkif Unique Virtues of the Pad& Approximant for High-Resolution Signal Processing
	20. Y. S. Boutalis and O. I. Kosmidou, A Feedback Linearization Technique by Using Neural Networks: Application to Bioprocess control
	REFERENCES

	21. J. C. Butcher, Some Numerical Methods for Stiff Problems
	1. Introduction
	2. A-stable implicit Runge-Kutta methods
	3. A-stable general linear methods with the IRKS property

	22. E. Camouzis, R. Devault, G. Papaschinopoulos, Period Two Trichotomy on                                                
	23. P. Carbonniere, D. Begue, A. Dargelos and C. Pouchan, Least Squares Fits of Potentials by Using Energy and Gradient Data: Vibrational Anharmonic Spectra for H2Co @om DFT Calculations
	1. Introduction
	2. Method
	3. Example of (E-G) method : application and tests for H2C0
	References

	24. G. Castellano, A. M. Fanelli and C. Mencar, Deriving Prediction Intervals for Neurofuzzy Networks
	1. Introduction
	2. A neuro-fuzzy network
	3. Prediction interval derivation
	4. 'Illustrative example
	5. Conclusions
	References

	25. M. M. Cerimele, D. Mansutti and F. Pistella, Marangoni Efsects in a Horizontal Solidjkation Process in Microgravity
	Acknowledgments
	References

	26. C. S. Chew, K. S. Yeo and C. Shu, Simulation of Incompressible Flows Across Moving Bodies Using Meshless Finite Difrerencing
	References

	27. A. Chortaras, Y. Guo, M. M. Ghanem, F. O. Bunnin, Automatic Generation of Software Components for Real Options Modelling
	1. Introduction
	2. System Design
	3. Conclusions
	References

	28. V. N. Christofilakis, Ch. Alexopoulos, Modeling the State and Behavior of an Enzyme Using UML- an Object Oriented Approach
	1. Extended Abstract
	References

	29. K. Daoulas and V. G. Mavrantzas, Atomistic Monte Carlo Simulation Studies of Polymer Melts Grafted on Solid Substrates
	1. Introduction
	2. Molecular model
	3. Simulation method
	4. Results
	References

	30. N. J. Daras, Markov 's Property and Generalized Pade-Type Approximants
	References
	1. References


	31. M. Darbandi, K. Mazaheri-Body, S. Vakilipour, A Pressure Weighted Upwinding Scheme for Calculating Flows on Unstructured Grids
	1. Introduction
	2. Grid Arrangement
	3. Computational Modeling
	4. Results
	5. Closure
	References

	32. K. Dosios, K. Paparrizos, N. Samaras and A. Sifaleras, An Eflcient Modijkation of the Primal-Dual Ttwo Paths Simplex Algorithm
	References

	33. V. Drakopoulos, Comparing Sequential Visualisation Methods for the Mandelbrot Set
	1. Introduction
	2. Comparative results
	3. Conclusions
	References

	34. I. Z. Emiris and Th. G. Nikitopoulos, Structured Matrix Perturbations for Molecular Conformations
	1. Introduction
	2. Matrix perturbations
	3. Cycloalkanes
	References

	35. G. Cerruela Garcia, I. Luque Rub, M. A. Gomez-Nieto, A New Algorithm to Obtain All Maximum Common Subgraphs in Molecular Graphs Using Binary Arithmetic and Constraints Satisfaction Model
	1. Introduction
	2. The Isomorphism model
	3. Matching-Characteristics Algorithm (MCA)
	4. Results
	References

	36. M. Christodoulakis, C. S. Iliopoulos, Kunsoo Park, J. S. Sim, Implementing Approximate Regularities Extended Abstract
	1. Introduction
	2. Preliminaries
	2.1. Distance functions
	2 -2. Approximate Regularities

	3. Problem Definitions and Solutions
	3.1. Smallest Distance Approximate Period/Cover/Seed Problem
	3.2. Restricted Smallest Approximate Period/Cover/Seed Problem

	4. Experimental Results
	4.1. Experimental Environment
	4.2. Performance

	References

	37. R. Clifford and M. Sergot, Distributed Suff? Trees and Their Application to Large-Scale Genomic Analysis
	1. Introduction
	2. Distributed Suffix Trees
	2.1. Operations on the DST

	Acknowledgements
	References

	38. A. Episkopakis, D. Nikolopoulos, K. Arvanitis, N. Dimitropoulos, Modeling the Detective Quantum Eflciency of Scintillators Used in Medical Imaging Radiation Detectors G. Panayiotakis, D. Cavouras and I. Kandarakis, 171-174
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	References

	39. S. C. Farantos, Bihrcation Phenomena in Molecular Vibrational Spectroscopy
	References

	40. A. Gaitanis, M. R. Freedman and N. M. Spyrou, Verijkation of a Simple Technique for the Removal of Motion Artefacts in Electrical Impedance Epigastrography Signals
	1. Introduction
	2. Materials & Methods
	3. Results and Conclusions
	References

	41. P. J. Garcia-Nieto, Numerical Simulation of Scavenging of an Urban Aerosol by Filtration Taking Into Account the Presence of Coagulation, Condensation, and Gravitational Settling
	1. Introduction
	1 .l. Coagulation
	1.2. Nucleation
	1.3. Deposition
	1.4. Physical-mathematical model

	2. Deposition mechanisms in a filter
	3. Overall efficiency of a filter
	4. Results and Conclusions
	Acknowledgments
	References

	42. E. E. Gdoutos, A. A. Giannakopoulos and D. A. Zacharopoulos, Stress Analysis and Failure Mechanisms of Compose Materilas with Debonded Interfaces
	43. D. Glotsos, P. Spyridonos, P. Petalas and G. Nikiforidis, D. Cavouras, P. Ravazoula, P. Dadioti and I. Lekka, Support Vector Machines for ClassiJcation of Histopathological Images of Brain Tumour Astrocytomas
	1. Introduction
	2. Methods and materials
	3. Results and Discussion
	References

	44. D. Greenspan, N-Body Modelling
	45. A. P. Grinko, M. M. Karpuk, About One Approach to the Minimization of the Errors of the Tutoring of the Neuron Networks
	1. Introduction
	Theory.
	Modeling and the Results.
	Conclusion
	References


	46. F. Grondin and G. Mounajed, A. Ben Hamida and H. Dumontet, Digital Concrete: A Multi-Scale Approach for the Concrete Behavior
	1. Introduction
	2. Reminders of homogenization in thermo-elasticity
	3. The digital concrete in Symphonie
	4. Calculation of the thermo-elastic behavior of the concrete
	5. Micromechanical analysis
	6. Conclusions
	References

	47. S. Guangyi, T. Kawabe, K. Toraichi, K. Katagishi, A New Approach to Discrete Approximation of a Continuous-Time System Model Based on Spline Function
	1. Introduction
	2. Main contribution
	3. Conclusions
	Acknowledgments
	References

	48. J. L. Guisado, F. Jimenez-Morales, J. M. Guerra, Application of Shannon 's Entropy to ClassiJL Emergent Behaviors in a Simulation of Laser Dynamics
	1. Introduction
	2. Cellular automata model
	3. Simulation results and Shannon's entropy analysis
	4. Discussion
	References

	49. G. Hanna and J. Roumeliotis, Collocation and Fredholm Equations of the First Kind
	1. Extended Abstract
	References

	50. A. Haskopoulos and G. Maroulis, Intermolecular Interactions of (H,O),
	1. Introduction
	2. Theory
	3. Computational details
	4. Results and Discussion
	References

	51. U. Hohm, L. Zarkova, Accurate Thermophsical Properties of Neat Globular Gases and their Binary Mixtures Determined by Means of an Isotropic Temperature- Depandent Potential
	1. Introduction
	2. Theory
	3. Minimization Procedure
	4. Results
	5. Conclusions
	Acknowledgments
	References

	52. R Hoppe and W. Litvinov and T. Rahman, Modelling and Computation of Axially Symmetric Flows of Electrorheological Fluids
	1. Formulation of the problem
	2. Generalized solution
	3. Numerical aspects
	References

	53. D. T. Hristopoulos, Simulations of Spart an Random Fields
	1. Introduction
	2. Spartan Random Field Models
	2.1. A Discrete Spartan Model in Two Dimensions
	2.2. The Covariance Spectral Density

	3. Fast-Fourier-Transform Simulation Method
	3.1. Numerical Experiments

	4. Mode Superposition Method
	5. Conclusions
	References

	54. L. S. Iliadis, S. H. Spartalis, Fundamental Fuzzy Relation Concepts of a D.S.S. for the Estimation of Natural Disasters’ Risk (The Case of a Trapezoidal Membership Function)
	55. S. Itoh, M. Igami, A Hybrid Molecular Dynamics Simulation Method for Solids
	1. Introduction
	2. Methodology
	3. Numerical Test
	4. Concluding Remarks
	References

	56. I. G. Ivanov and L. G. Taseva, The Contract Gas Market with a Linear Supply Function
	1. Introduction
	2. Model
	3. Conclusions
	References

	57. A. Kaczanowski, K. Malan and K. Kulakowski Hysteresis Loop of a Nanoscopic Magnetic Array
	References

	58. Z. Kalogiratou, Th. Monovasilis, Th. Simos, Numerical Solution of the Two- Dimensional Time Independent Schrodinger Equation with Exponential-Fitting Methods
	1. Introduction
	2. Partial discretization of the two-dimensional equation
	3. Application of exponential-fitting methods
	4. Numerical Results
	4.1. Two-dimensional harmonic oscillator
	4.2. Two-dimensional Henon-Heiles potential

	References

	59. I. Kalatzis, N. Piliouras, E. Ventouras and I. Kandarakis, C. C. Probabilistic Neural Network Versus Cubic Least-Squares Minimum- Distance in Classijjing EEG Signals Papageorgiou and A. D. Rabavilas, D. Cavouras, 268-271
	1. Introduction
	2. Material and Methods
	3. Results and discussion
	References

	60. I. Kalatzis and N. Piliouras, D. Pappas, E. Ventouras and D. Probabilistic Neural Network Classifier Versus Multilayer Perceptron ClassiJier in Discriminating Brain Spect Images of Patients with Diabetes fiom Normal Controls Cavouras, 272-276
	1. Introduction
	2. Material and methods
	3. Results and discussion
	References

	61. T. E. Karakasidis, A. B. Liakopoulos, N. S. Cholevas, Parallel Molecular Dynamics Simulation of Lennard-Jones Liquids on a Small Beowulf Cluster
	1. Introduction
	2. Molecular Dynamics and Computational Details
	3. Physical System
	4. Results and Discussion
	Acknowledgments
	References

	62. T. E. Karakasidis, Vibrational Properties of NiO(lI0) Surface by Molecular Dynamics Simulation
	1. Introduction
	2. Molecular Dynamics and Computational Details
	3. Results and Discussion
	References

	63. P. Karamanis and G. Maroulis, Electric Properties of Substituted Diacetylenes
	1. Introduction
	2.Theory and Computational details
	3. Results
	References

	64. N. Karatsis and G. Maroulis, Molecular Structure and Electric Polarizability in Sodium Chloride Clusters
	References

	65. M. M. Karpuk, About the Possibility of Applying the Neuron Networks for Determining the Parameters of Uniaxial Films on the Basis of the Ellipsometric measurements
	1. Introduction
	Theory.
	The results
	References


	66. S. H. Kashani, A Fuzzy Logic Paradigm for Industrial Economics Analysis
	67. H. Katsuragi and H. Honjo, Monotonic Scaling of the KPZ Growth with Quenched Disorder
	1. Introduction
	2. Simulation and analysis
	3. Discussion
	References

	68. H. Kaya, M. Kaplan, H. Saygin,A Recursive Algorithm for Finding HDMR Terms for Sensitivity Analysis
	1. HDMR Fundamentals
	2. The Algorithm
	3. Numerical Experiment
	4. Conclusion
	References

	69. P. Kolorenc, J. Horacek, K. Houfek and M. C. Zek, G. Mil’Nikov  H. Nakamura, Calculation of Vibrational Excitation of Diatomic Molecules Below Dissociative Attachment Threshold
	Acknowledgement
	References

	70. K. Konstantinidis and I. Andreadis, On the Use of Color Histograms for content Based Image Retrieval in Various Color Spaces
	References

	71. A. M. Kosmas, Theoretical Structural and Relative Stability Studies of Isometric and Conformeric Forms of xooy Peroxides (X = H , CH, , CI, Br , I , Y = CI, Br )
	1. Introduction
	2. Computational Details
	3. Structural Trends
	4. Relative Stability Trends
	5. Discussion and Conclusion
	References

	72. W. J. Kowalski, J. Nowak and M. Konior, Modeling of Chiral Separations in Chromatography by Means of Molecular Mechanics
	1. Introduction
	2.Intention of the study
	3. Method of Investigations
	Molecular mechanics
	Molecular dynamics
	Sequential search of the low energetic con formations

	4. Selected examples of studied chromatographic systems
	References

	73. M. I. Krivoruchenko, E. Alessio, V. Frappietro and L. J. Streckert, Probability Distributions of Volatility in Financial Time Series
	References

	74. M. Kunik, S. Qamar and G. Warnecke, Kinetic Solution of the Boltzmann-Peierls Equation
	1. Introduction
	Four-field system:
	References


	75. P. V. Kyratsis, D. A. Panagiotopoulos, D. V. Kakogiannis, Computer Aided Engineering for Theoretical Studies of Vehicle Active Suspension Systems
	1. Extended Abstract
	1.1. Introduction
	1.2. Controlling the Vehicle Behaviour
	1.3. Concept of the Low Energy -Active Suspension System
	1.4. Vehicle Dynamics Model Techniques & Tools
	1.5. Discussion
	1.6. Conclusions


	76. M. Lambiris, Ch. Tsitouras and K. Evmorfopoulos, Four-Step, Two-Stage, Sixth-Order, P-Stable Methodrr
	1. The problem and the methods
	2. Zero Stability and Accuracy
	3. P-stability
	References

	77. G. Lappas and V. Ambrosiadou, Binary and Multicategory Classification Accuracy of the LSA Machine
	1. Introduction
	2. Methods
	3. Experimental Results
	References

	78. E. C. Laskari, G. C. Meletiou, D. K. Tasoulis, M. N. Vrahatis, Data Mining and Cryptology
	1. Introduction
	2. A new approach to cryptanalysis
	3. Alice to Alice cryptography
	References

	79. Ming-Gong Lee, Application of Automatic Diflerentiation in Numerical Solution of a Flexible Mechanism
	1. Introduction
	1 .l. Differential-algebraic Eequations by Lagrange Multiplier Formulation
	1.2. Differential-algebraic equation by Euler-Lagrange Formulation

	2. Automatic Differentiation Tool
	2.1 Numerical Algorithm

	3. Numerical Results
	4. Conclusions
	Acknowledgments
	References

	80. T. Levitina and E. J. Brandas, Numerical Quadrature Performed on the Generalized Prolate Spheroidal Functions
	References

	81. T. Levitina and E. Brandas, Multitaper Techniques and Filter Diagonalisation -a Comparison
	Abstract

	82. M.H.X. Liang & B. Wetton, T.G. Myers, Combined Air and Rivulet Flow and Application to Fuel Cells
	1. Introduction
	2. Mathematical formulation
	3. Annulus Rivulet
	4. Circular Arc Rivulet
	4.1. The direct problem
	4.2. The inverse problem

	5. Pressure gradient vs. flux of water
	6. Conclusions
	Acknowledgment
	References

	83. M. Liapi, K. Alketas Ougrinis, The Transmutation of the Architectural Synthesis. Morphing Procedures Through the Adaptation of Information Technologv
	References

	84. Y. Li, Shao-Ming Yu and P. Chen, A Parallel Adaptive Finite Volume Method for Nanoscale Double Gates Mosfets Simulation
	1. Introduction
	2. A Quantum Correction Transport Model
	3. Parallel Adaptive Computational Method
	4. Simulation Results and Discussion
	5. Conclusions
	Acknowledgments
	References

	85. Y. Li, An Iterative Method for Single and Vertically Stacked Semiconductor Quantum Dots Simulation
	1. Introduction
	2. Mathematical Model and Computational Method
	3. Results and Discussion
	4. Conclusions
	Acknowledgments
	References

	86. J. A. Lopez and F. J. Marco, M. J. Martinez, Proposal of a New Computational Method for the Analysis of the Systematic Dsfferences in Star Catalogues
	1. Extended Abstract

	87. M. S. Magdon - Maksymowicz, A. Dydejczyk, P. Gronek and A. Z. Maksymowicz,  Simulation of the Switching Curve in Antiferromagnetic Ising Model
	1. Introduction
	2. Results and discussion
	3. Summary and conclusions

	88. G. Maroulis, Electric Hyperpolarizability Calculations
	1. Introduction and Theory
	2. The hyperpolarizability of trans-butadiene
	3. Hyperpolarizability of adamantane, 1,3,5,7 tetraboro-adamantane and 1,3,5,7 tetraaza-adamantane
	4. How reliable are DFT methods in interaction hyperpolarizability calculations? (H20)2 as a test case.
	5. Interaction hyperpolarizability in the helium-nitrogen system.
	References

	89. F. Martinez, A. Guillamon and J. J. Martinez, Segmentation Natural Speech Using Fractal Dimension
	1. Introduction
	2. The fractal dimension
	3. The segmentation process
	4. Results
	5. Conclusions
	References

	90. J. Mateu and J.A. Lopez, Cluster Models for Spatial Point Processes with Applications
	Extended Abstract
	References

	91. T. Mavromoustakos, P. Zoumpoulakis, M. Zervou, I. Kyrikou, A. Kapou, N. Benetis, The Use of Computational Analysis to Design Novel Drugs
	1. Introduction
	2. Theoretical Calculations
	2.1. (i) Conformatwnal Analysis.
	2.2. Simulation of NMR spectra.
	2.3. Energy minimization and conformational search methods.
	2.4. Superimposition studies.
	2.5. Drug:Active Site Interactions.
	2.6. Quantitative Structure Activity Relationships (QSAR)..

	References

	92. E. Miletics, Energy Conservative Algorithm for Numerical Solution of ODES Initial Value Problems
	1. The qualitative behaviour of numerical methods
	2. Examples of the Hamilton systems and behaviour of the Taylor series algorithms
	2.1. The Lotlca- Volterra model
	2.2. The linear oscillator problem

	3. The behaviour of the approximate Hamiltonian obtained by Taylor series algorithms
	4. The adaptive algorithm for assuring desired local error and preserving the initial value of Hamiltonian
	5. The result of numerical experiments
	6. Conclusions
	References

	93. B. F. Minaev and H. Agren, Enzymatic Spin Catalysis Involving 0,
	References

	94. N. Moir, A New Class of Methods for Solving Ordinary Diferential Equations
	1. Introduction
	2. Almost Runge-Kutta methods
	References

	95. G. Molnhrka, implicit Extension of Taylor Series Method for Initial Value Problems
	1. Introduction
	1.1. Formulation of the problem

	2. Taylor series methods
	2.1. Implicit Taylor series methods up t o fifth order
	2.2. The consistency order of the implicit methods
	2.3. The stability analysis of the algorithms

	3. Computer implementation and test results
	3.1. The test problem
	3.2. Automatic error control and numerical complexity

	4. Conclusions
	References

	96. Th. Monovasilis, Z. Kalogiratou, T. E. Simos, Exponential-Fitting Symplectic Methods for the Numerical Integration of the Schrodinger Equation
	1. Introduction
	2. The time-independent Schrodinger equation
	3. Numerical methods
	3.1. Symplectic numerical schemes

	4. Numerical results
	4.1. The Harmonic Oscillator
	4.2. The Hydrogen Atom

	References

	97. H. Nakatsuji, Structure of the Exact Wave Function: Progress Report
	References

	98. S. Nikolif and N. Trinajstib, Complexity of Molecules
	References

	99. D. Nikolopoulos, P. Liaparinos, S. Tsantis, D. Cavouras and I. Kandarakis, G. Panayiotakis, Radiation Detection Eficiency Evaluation of YAP;CE Scintillator by Monte-Carlo Methods
	1. Introduction
	2. Material and Methods
	3. Results and Discussion
	References

	100. L. A. A. Nikolopoulos, B-Splines: A Powerful and Flexible Numerical Basis for the Continuum Spectrum of the Schrodinger Equation. An Application to Hydrogenic Atomic Systems
	1. Introduction
	1.1. Rayleigh-Ritz- Galerkin approach

	2. Free boundary conditions approach
	References

	101. L. A. A. Nikolopoulos, A Finite Element Approach for the Dirac Radial Equation
	1. Introduction
	2. Dirac equation and B-splines method
	2.1. Continuum states and normalization.

	References

	102. I. Ntzoufras, A. Katsis, D. Karlis, A Bayesian Statistical Modeling for the Distribution of Insurance Counts
	1. Introduction
	2. Distributions for claim counts
	3. Comparing the claim distributions using the Bayesian approach
	4. Reversible Jump MCMC for Bayesian model comparison
	References

	103. N. Orfanoudakis, H. Hatziapostolou, E. Mastorakos, E. Sardi, K. Krallis, N. Vlachakis, S. Mavromatis, Design, evaluation measurements and CFD Modeling of a Small Swirl Stabilised Laboratory Burner
	104. Y. Panagis, E. Theodoridis, K. Tsichlas, Data Structuring Application for String Problems in Biological Sequences
	1. Introduction
	2. Background
	2.1. The @,y)-approximatepattern matching problem
	2.2. Suffrv Trees and their use

	3. Methodology
	4. Experimental Results
	References

	105. N. G. Pavlidis, K. E. Parsopoulos and M. N. Vrahatis, Computing Nash Equilibria Through Particle Swarm Optimization
	1. Introduction
	2. Problem Formulation
	2.1. Strategic Games and Nash Equilibria
	2.2. Nash Equilibrium as a Global Minimizer

	3. Particle Swarm Optimization
	4. Detecting Several Minimizers Through Deflection
	5. Experimental Results
	6. Conclusions
	References

	106. D. G. Pavlou, N. V. Vlachakis, M. G. Pavlou, V. N. Vlachakis, M. Kouskouti, I. Statharas, Foundamental Solution of the Cracked Dissimilar Elastic Space
	107. G. Papakaliatakis, D. Karalekas, Study of Fracture in SIC/AL Composites
	108. G. Papakaliatakis, Computational Study of the Crack Extension Initiation in a Solid Propellant Plate with a Circular Hole
	References

	109. S. H. Park, J. H. Kim, Nodal Stress Recovery and Error Estimation Based on Variation of Mapping Function
	1. Introduction
	2. Recovery procedure
	3. Example
	References

	110. K. Perdikuri, C. Makris, A. Tsakalidis, Discovering Regularities in Biosequences: Challenges and Applications
	1. Introduction
	2. Open Problems
	2.1. Discovering Mot@ in DNA Sequences
	2.2. Discovering String Regularities with “don ’t cares ”

	3. Applications
	3.1. Sequence Clustering
	3.2. Functional Modeling

	4. Conclusions
	References

	111. I. Petrounias, A. Tseng, P. Chountas, Constraint Based Web Mining
	1. Introduction
	2. Components of the Framework
	2.1. Traversal Constraints
	MFP (Maximum Forward Path)
	MBP (Minimum Backward Path)

	2.2. Temporal Constraints
	Time
	Session
	Periodicity

	2.3. Personal Constraints
	User


	3. Scheme of the Mining Task
	3.1. Mining-Ru,e(<rule_condition>)
	3.2. Cons-Type(<type-condition>)

	References

	112. I. Petrounias and A. Assaid, Temporal Web Log Mining Using Olap Techniques
	1. Introduction
	2. Temporal Sequential Discovery Algorithm
	3. Constructing Data Cubes: Sequence Cube and Working Cube
	4. Algorithm for Mining Periodicity
	References

	113. L. Pogliani, Introducing Complete Graphs in Molecular Connectivity Studies
	114. M. Sekkal-Rahal, D.C. Kleb and P. Bleckmann, Structures and Energies of p-Neocarrabiose in Vaccum and in Aqueous Solution
	Acknowledgments

	115. H. Rarnos, J. Vigo-Aguiar, Variable Step-Size Stormer Methods
	Extended abstract
	References

	116. H. Ramos, J. Vigo-Aguiar, A Note on the Selection of the Step Size in the Variable Step-Size Stormer Method
	Extended abstract
	References

	117. A. Rizzo, Birej-ingences: A Challenge for Both Theory and Experiment
	References

	118. J. Roca J. R., J. Roca, J. Martinez and F. J. Martinez, F. J. Gil and J. A. Alvarez-Gomez Feasibility of Closed-Loop Target Controlled Infusion of Intravenous
	1. Introduction
	1.1. Anaesthesia administration and computer assisted dosing
	1.2. Closed-Loop control of Anaesthesia

	2. A model based approach to closed-loop control
	3. Results
	4. Conclusion and future works
	Acknowledgments
	References

	119. P. Roubides, The Fundamental Solution Method for Elliptic Boundary Value Problems
	1. Introduction
	2. Method
	3. Field Solution
	4. Conclusion
	References

	120. J. Roumeliotis, Axisymmetric Rigid Bodies in Creeping Flow
	1. Extended Abstract
	References

	121. N. RUSSO, T. Marino, E. Sicilia and M. Toscano, Past, Present and Future Challenge of Density Functional Theory Based in Molecular Sciences
	References

	122. T. Rusu and M. Pinteala, V. Bulacovschi, Artzjkial Intelligence Methods Used in the Investigation of Polymers Properties
	1. Introduction
	1.1 Neuronal Network
	1.2 Genetic Algorithm
	1.3 Experimental results
	1.4 Discussions

	References

	123. D. Sakas and T. E. Simos Symmetric Multistep Methods with Minimal Phase-Lag for the approximate Solution of Orbital Problems
	1. Introduction
	2. The New Method
	References

	124. J. K. Sakellaris, Finite Element Analysis for Weakly Coupled Magneto - Thermo- Mechanical Phenomena in Shell Structures
	1. Introduction
	2. Shells and Shell Elements in Mechanics
	3. Shell Theory
	4. 3.1Shell Elements:
	CONCLUSIONS

	125. S. Sanchez and R. Criado, C. Vega, A Generator of Pseudo-Random Numbers Sequences with Maximum Period
	1. Introduction
	2. Basic notation and preliminaries
	3. Guidelines to select the parameters
	References

	126. P. Sasavat, N. Gindy, G. F. Xie and A. T. Bozdana Near Force-Balanced Cutting: Key to Increase Productivity in Machining
	Introduction
	Methodology (An Overview)
	Conclusion
	References

	127. L. P. Schulz, Symmetry Formation Principles of the Chemical Computer Software
	1. Introduction
	1 .I. Chemical Arithmetics and Computing Through Self-Assemblage Symmetry Transformations
	1.2. General Preliminaries

	2. Symmetry Formation and Collapses
	2.1. Compensating Systems
	2.2. Criteria of Quality for Measurements of Symmetry Formation and Collapses

	3. Self-Assemblage Group Attributions to Molecules
	3.1. Determination of Algebraic Groups of Non-Complex Molecules
	3.2. Generalized Species of Structures Support of Chemical Numbers and Ariimetics - A Theorem On a Priori Partitions

	4. Conclusions
	References

	128. A. Sharma, The Generalised Mass-Energv Equation hE = AC2hM; Its Mathematical Justification and Application in General Physics and Cosmology
	References

	129. Shenghua Shi and Atsuo Kuki, A Simple Approach to a Multi-Objective Design with Constraints in Compound Selection for Drug Discovery
	1. Introduction
	2. Method
	2.1 Cherry-picking
	2.2 Fully combinatorial super-array library design
	2.3 Tiling

	3. Results and Discussion
	Reference

	130. S. V. Shepel, S. Paolucci, Finite Element Level Set Formulations for Modelling Multiphase Flows
	1. Problem Formulation
	1.1. Level Set problem
	1.2. SUPG Level Set Formulation
	1.3. RKDG Level Set Formulation

	2. Results
	References

	131. K. Sivagurunathan, P. Chountas, E. El-Darzi,  Representation h Modelling of Electronic Patient Records
	1. Introduction
	2. A General Architecture for a Global EPR System
	3. An XML Based Framework for Modelling EPR Cases
	4. Conclusions
	References

	132. Y. V. Skorov, B. J. R. Davidsson, G. N. Markeleov, Consistent Kinetic Model of Innermost Cometary Atmosphere and Boundary Layers of Cometary Nucleus
	1. Relevance and importance
	2. General structure of the model
	2.1. Simulation of radiation transfer and calculation of necessary optical properties of medium
	2.2. Simulation of heat transfer inside irradiated porous medium
	2.3. Simulation of mass transfer inside volatile porous medium
	2.4. Simulation of mass and energy transfer i n innemnost coma

	3. Basic results and conclusions
	References

	133. P. Spyridonos, P. Petalas, D. Glotsos, G. Nikiforidis, D. Cavouras, P. Ravazoula, Comparative Evaluation of Support Vector Machines and Probabilistic Neural Networkrs in SuperJicial Bladder Cancer Classification
	1 .Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. References

	134. J. P. Suarez and P. Abad, A. Plaza, M. A. Padron, Computational Aspects of the Refinement of 3 0 Complex Meshes
	1. Motivation and Introduction
	2. Two-steps refinement problem
	3. Computational aspects of the local refinement
	4. A test mesh as case study
	5. Conclusions
	References

	135. Chen-Yin Suen, The Impact of Graphics Calculator on Mathematics Education in Asia
	Background
	Abstract

	136. A. J. Thakkar, Density Functionals for Moments of the Electron Momentum Distribution
	References

	137. P. Theocharakis, I. Kalatzis and N. Piliouras, N. Dimitropoulos, E. Ventouras and D. Cavouras, Relationship Between Carotid Plaque Composition and Embolization Risk Assessed by Computer Processing of Ultrasound Images
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. References

	138. E. S. Tentis, D. P. Margaris, D. G. Papanikas, Transient Simulation of Large Scale Gas Transmission Networks Using an Adaptive Method of Lines
	1. Abstract
	References

	139. D. Tomtsis, V. Kodogiannis, E. Wadge, Optical PH Measurement using Chromatic Modulation
	1. Introduction
	2. Chromatic Modulation Theory
	3. Chemical pH and Chromaticity measurements
	4. Experimental Method
	5. Conclusion
	References

	140. S. Tsantis, I. Kalatzis, N. Piliouras, D. Cavouras, N. Dimitropoulos, G. Nikiforidis, Computer-Aided Characterization of Thyroid Nodules by Image Analysis Methods
	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	References

	141. S. Tsantis, D. Cavouras, N. Dimitropoulos, G. Nikiforidis, Denoising Sonographic Images of Thyroid Nodules Via Singularity Detection Employing the Wavelet Transform Modulus Maxima
	1. Introduction
	2. Material and Methods
	3. Results and Discussion
	References

	142. K. Tselios and T. E. Simos, Runge-Kutta Methods with Minimal Dispersion and Dissipation for Problems Arising from Computational Acoustics
	1. Basic Theory
	2. Dispersion and Dissipation in Runge-Kutta methods
	References

	143. S. Tsitmidelis, M. V. Koutras, V. Zissimopoulos, ReliabiIity Bounds Improvement Via Cut Set or Path Set Rearrangements
	144. J. M. Ugalde, The Electron-Pair Density and the Modeling of the Spherically Averaged Exchange-Correlation Hole
	1. Introduction
	References

	145. E. Varnvakopoulos, G. A. Evangelakis, D. G. Papageorgiou, Solidjication of Pb PRE-Covered Cu(1II) Surface
	1. Introduction
	2. Model and computational details
	3. Results and Discussion
	4. Conclusions
	References

	146. J. A. Vera and A. Vigueras, Stability of an Equilibrium Solution for a Gyrostat About an Oscillating Point
	0.1. Abstract:
	References

	147. G. D. Verros, Computer Aided Estimation of Molecular Weight and Long Chain Branching Distribution in Free Radical Polymerization
	1. Introduction
	2. Kinetic Mechanism
	3. Results and Discussion
	4. Conclusions
	Acknowledgments
	References

	148. J. sgo-Aguiar, H, Rarnos, VS-VO Numerov Method for the Numerical Solution of the Schrodinger Equation
	References

	149. M. De’ Michieli Vitturi, F. Beux, Nonlinear Pressure and Temperature Waves Propagation in Fluid Saturated Rock
	References

	150. E. Wadge, V. Kodogiannis, D. Tomtsis, Neuro-Fuzzy Ellipsoid Basis Function Multiple Classifier for Diagnostic of Urinary Tract Infections
	1. Introduction
	2. Experimental
	3. Neuro-fuzzy Classifier
	4. Classifier Fusion
	5. Model structure and results
	References

	151. G. Wei and N. Mousseau, P. Derreurnaux, Protein Folding Simulations Using the Activation-Relaxation Technique
	1. Introduction
	2. The Activation RRlaxation Technique
	3. Energy model
	4. Results
	References

	152. S. Wilson, On the Systematic Construction of Molecular Basis Sets
	References

	153. Z. Xiong and N. C. Bacalis, Generalization of Laguerre Orbitals Toward an Accurate, Concise and Practical Analytic Atomic Wave Function
	1. Wave function and examples
	2. Energy correction for excited states and examples
	References

	154. S. Zimeras, F. Georgiakodis, Bayesian Models for Medical Image Biology Using Monte Carlo Markov Chains Techniques
	Abstract
	References




